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HIGH-ALTITUDE EBBFORMANCE OF AN EXEERIMENTAL TUEBOJET 
COMBUSTOR HAVING VARIABLE ERIMART-AIR ADMISSION 
By David M. Straight and J. Dean Gemon 


SUMMARY 

As part of a program to determine design criteria for turhojet com- 
hustors, 47 experimental tubular’ designs emhodying variable primary-air 
openings to control the fuel-air ratio in the combustion zone vere inves- 
tigated at simulated high-altitude operating conditions for a represent- 
ative 5. 2 -pres sure -ratio engine. The performance characteristics consid- 
ered vere combustion efficiency, operating range, and pressure loss. 

Variable primary air had a marked effect on combustor performance; 
in order to maintain maximum combustion efficiency, it was necessary to 
increase primary-air flow as over-all fuel-air ratio was Increased. The 
best experimental variable-area combustor operated with combustion effi- 
ciencies of 89 and 82 percent at cruise engine speed conditions, 56,000 
and 70,000 feet of altitude, respectively. 

At the cruise condition, the efficiencies of the best eicperlmental 
model were as much as 25 percent higher than those of a reference produc- 
tion combustor of equal size. At full -rated engine speed, however, the 
efficiencies of the e:q)erimental model were 3 percent lower. Combustion 
efficiencies greater than 90 percent were not readily achieved and this 
can probably be attributed to the small size of the combustor. 

At the 70,000-foot condition, the operable fuel-alr-ratio range of 
one model of the variable-area combustor was three times the range of the 
reference production combustor. Use of variable primary air also reduced 
the detrimental effects of Increased temperature rise on pressure loss. 


INTRODUCTION 

Design criteria for obtaining high combustion efficiency in turbojet 
combustors at high-altitude operating conditions are being investigated 
at the Lewis laboratory. As part of this program, the performance of 47 
experimental combustors designed to improve fuel-air mixture conditions 
within the combustion zone by separate control of the primary air -was in- 
vestigated. Eleven models were chosen as representative and the results 
are reported herein. 
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The over-a l l fuel-air ratio, at which a turbojet combustor must 
operate, varies. with engiue speed, altitude, and flight speed. The maxi- 
mum fuel-air ratio of one current engine is about four times the mininniaT 
fuel-air ratio; this range may increase in future turbojet engines if im- 
provements in engine design allow higher turbine-inlet temperature, hence 
higher fuel-air ratios. At both low arid high fuel-air ratios, decreases 
in performance are frequently observed in turbojet combustors. For ex- 
ample, data presented in reference 1 Indicate that at low fuel-air ra- 
tios, the use of large fuel nozzles with poor atomization reduced com- 
bustion efficiency in an aumular turbojet combustor. A fact which may 
be attributed to an over-lean mixture condition in the combustion zone. 

At high fuel-air ratios, small nozzles with fine atomization also re- 
duced the combustion efficiency, which is attributable to an over-rich 
mlxtiore condition. . 


One experimental method of continuously controlling the primary- 
zone fuel-air ratio has been reported in references 2 and 3. The dis- 
tribution of fuel along the length of the combustor primary zone was 
varied by means of a series Of "staiged" injection nozzles. 

In the experimental Investigation reported herein, the fuel-elr 
ratio in the combustion zone of a ttirbojet combustor was controlled by 
varying the primary-air-flow rate. All the primary air was admitted at 
the front end of the combustor through variable openings . Fuel was in- 
troduced into a central primary-air opening and was finely atomized by 
the air (ref. i) . . 

The combvistors were operated over a wide range of fuel-air ratios 
at air-flow, pressure, and temperat\are conditions corresponding to a 
5. 2 -pres sure -ratio engine operating at , 85-percent rated speed at alti- 
tudes of 56,000 and 70,000 feet. In addition, limited data were ob- 
tained at two other air flows, one higher aind one lower than the cruise 
air flow at 56,000 feet. Combustion efficiency, pressure-loss, and 
temperature-profile data were obtained : with vairiable quantities of pri- 
mary air. The effects of a nvtmbef of design vaxiables on cctmbustor 
performance were investigated; these variables included fuel- injector 
design, air baffles, liner holes, and fuel dams (ref. 5). The 11 models 
chosen demonstrate the effect of these : variables . No attempt was made 
to evalmte ccsnbustor durability, carbon deposition tendencies, or sea- 
level high-pressure performance. __ _ _ 


Also as part of this Investigation, the best models of the variable- 
area combustor are compared with several other experimental and prodiic- 
tion model ccanbxistors . 


NACA EM E55B10 


3 


APPARATUS 

Combustocr Installation 

The experimental cooubustor was installed in a dnct connected to the 
laboratory air- supply and altitude -exhaust facilities as shown in figure 
1. Combustor air-flow rates and pressures were regulated by remotely 
controlled valves located upstream and downstream of the combustor. 
Combustor -inlet air was heated by an electric heater. 


Instrumentation 

Air flows were measured by a concentric-hole^ sharp-edged A.S.M.E. 
orifice installed upstream of the inlet-air control valves and air heat- 
er . Fuel flows were measured by calibrated rotameters . Instrumentation 
for sensing combustor -Inlet and -outlet temperatiires and pressures was 
arranged as shown in figure 1. The combustor- inlet-air tengperatiire was 
sensed by bare-wire^ iron-constantan themocouples (station B, fig. l)j 
combustor- outlet-air tengperature was sensed by single-shielded, chromel- 
alumel thermocouples (station C, fig. l) . The 16 outlet thermocouples 
were so connected that individual readings or an instantaneous average 
temperature reading could be obtained. All thermocouples were connected 
to self-balancing direct -reading potentiometers. Combustor-inlet and 
-outlet pressures were sensed by total-pressure tubes (stations A and 
D, fig. l) manifolded together at each station to obtain average read- 
ings. The combustor- inlet pressure and over-all pressure drop were in- 
dicated by an absolute manometer and a U-tube manometer, respectively. 


Combustor 

The basic features of the tubular ccmbustor used are shown in fig- 
xzre 2. The air flow to the ccmbustor was channeled into three paths. 

Two central paths fed primary air into the upstream end of the canabus- 
tor. The inner primary air passed through a swirler into a swirl cham- 
ber and thence to a throat section where the fuel was introduced through 
radial holes drilled in a fuel disk. The air swirling past these holes 
atomized the fuel. The outer primary air flowed through an annular pas- 
sage and converged on the inner primary-air current at the point of en- 
try into the combustion space. Both the inner and outer primary -air 
flows were varied by axial motion of the throat section, which was at- 
tached to a movable sleeve separating the inner and outer primary -air 
passages. Secondary air flowed in the outermost annulus and completely 
bypassed the primary combustion zone except for small q.uan titles flow- 
ing throu^ louvers for cooling the liner walls. Foiar large air-entry 
slots at the downstream end of the liner were provided to obtain a rela- 
tively uniform temperature distribution at the combustor outlet. 
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During operation of the experimental comibustor in the duct tests, 
the primary-air flow was adjusted by the mechanical positioner shown in 
figure 3. The variation of liner open area, expressed as the ratio of 
primary open area to total-liner open area, is presented in figure 4 as 
a function of the crank setting of the mechanical positioner. 

Basic dimensions of the experimental combustor are shown in figure 
3. The combustor had a maximum cross-sectional area of 0.267 square 
feet (7 in. diam) . The over-all length of the ccanbustor including the 
inlet diffuser, which contained the area- varying mechanism, was 31.3 
Inches. The distance from the plane of !the fuel injector to the outlet 
thermocouples was 27 inches.' " ' 

A total of 47 experimental combustor models was tested during the 
investigation. Among the variables studied were; fuel-injection method, 
prlmsiry-air admission, and liner configurations. For the discussion pre- 
sented herein, a limited mmiber of configurations has been selected to 
illustrate (l) the best performance obtedhed, and (2) observed trends 
in performance with design variables . Drawings of the models chosen 
are presented in figure 5; the model mmibers indicate the order in which 
the data were obtained. i 

A variable -area, pintle-type nozzle (fig. 6) was used to inject 
fuel in combvistor models 41 and 46. This nozzle was designed to over- 
come the poor circumferential fuel distribution normally encountered 
with pintle -type nozzles without sacrificing the wide -flow range in- 
herent in this type of nozzle. The fuel! is channeled into a predeter- 
mined number of "streaks" by the flats ground on the starface of the stem 
(fig. 6). These fuel streaks flow along' the shaft, spread out on the 
tapered pintle, and are. atomized in the air as they leave the sharp edge 
of the pintle. The original model of this nozzle produced the desired 
spray fomn (eight uniform streaks) from 7 to 1915 poimds per hoxu’ fudl 
flow, a 270 to 1 flow range (the limit of the test facility) . This 
range was obtained with nozzle pressiore drops from 95 to 395 poimds pSr 
square inch. For the experimental combustor models 41 and 46, the noz- 
zle pressure drop was adjusted to a lower vaiue and varied from 20 to 
70 po\mds per sqviare inch over the range of fuel flows investigated 
(10 to 100 Ib/hr) . 


Fuel 

The fuel used in this investigjation was liq;rid MIL-F-5624B, greide 
JP-4. Inspection data for the fuel are presented in table I. 
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EROCEDUEE 

Cmbustion efficiency and combustor pressure-loss data were recorded 
during operation of each experimental combustor model at one or more of 
the following combustor-inlet conditions: 


Condi- 

tion 

TotaJL 
pressure, 
in. Hg abs 

Total 

temper- 

attire. 

Op 

Air- flow rate 
per unit com- 
bustor area, 
lb/(sec)(sq ft) 

(a) 

Simulated flight 
altitude in 
reference engine, 
ft 

A 

15 

268 

2.78 


B 

8 

268 

1.48 


C 

5 

268 

.93 


D 

15 

268 

2.14 


E 

15 

268 

3.62 



^■Based on Tnayinnjm ccmbustor cross-sectional area, 
0.267 sq_ ft. 


These conditions simulate eombustor-l.nlet conditions in a refer- 
ence turbojet engine with a pressure ratio of 5.2, operating at 85- 
percent rated speed (cruise condition) and at a flight Mach number of 
0.6. Air-flow rates at conditions A, B, and C are representative of 
current turbojet engines. Air-flow rates approx±mately 30 percent great- 
er and 23 percent less than the reference conditions are presented by 
conditions E and D, respectively. 

Sirfflclent data were obtained with each combustor model at several 
primary-air-flow settings to indicate trends in combtistor performance . 
Data were obtained for most models at conditions A, B, and E} none of 
the models investigated would operate at condition C. In general, com- 
bustor performance was obtained over a range of fuel-air ratios from 
the lean blow-out point or a mi n-T Tmim temperattire rise of approximately 
300° P to the rich blow-out point or the maximum safe temperature for 
the exhaust-gas instrumentation. 

Combustion efficiency, defined as the percentage ratio of actual 
to theoretical increase in enthalpy of gases flowing tiirou^ the combiis- 
tor, was computed by the method of reference 6. The average combtistor- 
outlet total-temperature reading was used to calculate the enthalpy of 
gas at the ccmbustor outlet; Indicated temperature readings were not 
corrected for velocity or radiation effects. 

Ccmbustor total-press\rre losses are expressed as the dimensionless 
ratio of the total-pressure loss to the reference velocity pressure 
(computed frcm the air flow, maximum ccmbustor cross-sectional area, and 
combustor-inlet-alr density) . 
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Sample ccmibustor-outlet temperature -profile data were taken periodi- 
cally for each combustor model by recSfding'TJldlvidxial thermocouple 
readings . 


RESULTS 

An investigation was conducted bn 47 different variable-axea conibuB- 
tor models in an effort to obtain optimum performance characteristics at 
high-altitude operating conditions. Results obtained with several models, 
selected to best illustrate the trends obtained, are presented in figures 
7 to 13. Experimental data for the litDdels are presented in table II. 

The combustion-efficiency data obtained with combustor model 10 
(fig. 5(a)) is plotted in figmre 7 to llliistrate the effect of varying 
the prirasory-air flow. The peak efficiency occurred at successively high- 
er fuel-air ratios as the primary -air flow was increased. At test condi- 
tion E (fig. 7(a)), the combustor was operated at only one primary-air 
setting; however, if data were obtained at other settings a similar trend 
woiild be expected. The data show that an optimum primary-air flow exists 
for each over-all fuel-air ratio. Values of primary-zone fuel-air ratio 
were not measured nor could they be readily computed since neither 
primary-zone pressure drop nor discharge coefficients of air openings 
were known. 

The use of variable primary-air flow to extend the operable range 
of fuel-air ratios is illustrated in figirre 7(d) . Rich blow-out occurred 
at a fuel-air ratio of approximately 0.026 when the prlmary-alr openings 
were set at 11 percent of total-liner hole area. By increasing the 
primaiy-air openings to 19 percent of total open area, combustion was 
maintained at a fuel-aif ratio of 0.038. 


Effect of Fuel Injector Design 

Several of the 47 models investigated Incorporated different methods 
of introducing the fuel. The effect of two fuel- introduction variables 
on performance are described in the following paragraphs. 

Number of holes in fuel disk . - The combustion efficiencies of the 
combustors having a different number. of holes in the fuel-injection disk 
are presented in figure 8. In figures 8 to 11, only those data obtained 
with primary-alr-flow settings resulting in the highest efficiencies are 
presented in order to simplify the comparisons. At the milder test con- 
ditions E and A (figs. 8(a)) and (b)), the number and size of holes in 
the fuel disk had an almost negligible effect on the performance; how- 
ever, at test condition B (fig. 8(c)), there is evidence of increase in 
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erficiency when fewer fuel-introduction holes are used. Preliminary 
data (not shown in fig. 8) indicated that size of fuel holes was rela- 
tively unin^rtant . 

Air against mechanical atomization . - The combustion efficiencies 
of three models having mechanical atomizers installed and one model using 
8Lir atomization (model 26) are carnpared in figure 9. In general^ all 
the mechanical spray -nozzle models were characterized by a narrow operat- 
ing range ^ even when the primary-air flow was varied. The small fixed- 
area nozzle (model 34) produced slightly higher efficiencies at low 
fuel-air ratios at test condition E (fig. 9(a)) and at the high and low 
ends of the fuel-alr-ratio range at test condition B (fig. 9(c)). When 
a larger fixed-area nozzle (model 42) was used, the operating range was 
limited to high fuel-air ratios only, and combustion was very rough. 

The performance of combustor model 41 with the wide-range pintle nozzle 
(fig. 6) installed was about the same as that with air atomization, ex- 
cept at high fuel -air ratios at test condition E (fig. 9(a)) where air 
atomization produced considerably higher efficiency. 


Effect of Primary-Air Baffles 

In attempts to raise the combustion efficiency level of the 
variable-area combustor, baffles (fig. 5(c)) were attached to the fuel 
disk to cause major changes in the air- flow patterns in the primary zone. 
The slotted disk and Y-gutter baffles (models 20 and 2l) were designed 
to increase turbulence in the pr im a r y zone, and a plain cone-shaped disk 
(model 25) was designed to increase reverse flow in the center of the 
combustor. The fuel was atomized by air in these three models. !I^i- 
cal results obtained are presented in figiire 10. 

At test condition A (fig. 10(a)), models 20 and 21 burned with ap- 
proximately the same efficiency as the basic combustor model 10. At 
test condition B (fig. 10(b) ) , model 20 burned with slightly higher ef- 
ficiency than model 10, whereas model 21 burned with lower efficiencies. 
The plain disk baffle (model 25) performed with low efficiency at both 
test conditions . 


Performance Characteristics of Best Models 

Variable-area combustor models having improved performance charac- 
teristics were developed by adding new features to some of the models 
previously discussed. The cambusticn efficiencies of these models are 
presented in figure 11. 

High- efficiency model . - A small pilot fuel spray was added inside 
the plain disk baffle of model 25_ to provide additional fuel in tMs 
region. A row of 0.375-inch holes was added in the liner 6 inches 
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downstream of the fuel disk to Increase the reverse flow of air In the 
primary zone. Finally, another row of 0.25-inch holes with fuel dams 
were added in the liner 3 inches downstream from the fuel disk to re- 
circulate the fuel which had impinged on the liner walls- The ccmblna- 
tion of all these changes resulted in a combustor (model 29) having high- 
er comb^lstlon-efflciency performance than any other model investigated 
over most of the range. For both air flows at a combustor-inlet pres- 
sure of 15 inches of mercuiy absolute (conditions E and A, figs. 11(a) 
and (b)) the combustion efficiency varied frcm 90 percent at a fuel-air 
ratio of 0.008 to 85 percent at a fuel-air ratio of 0.026. At condition 
B, 8 inches of mercviry absolute (fig. 11(c)), the efficiency varied from 
81 percent at a fuelrair ratio., of .0.013.. to 69 percent at a fuel-air 
ratio of 0.026. Although the highest efficiency was obtained with model’ 
29 the combustion was characterized by rotigh burning . 

Wide-range model . - Several changes were made in combustor model 29 
in an attempt to increase the operable range at hl^ fuel-air ratios and 
to increase the combustion efficiency. The combxistor having the widest 
operating range (model 46) was similar to model 29 except that the .1 
fixed-area pilot nozzle was replaced by the wide-range pintle nozzle and 
fQur smaller fuel holes were used for air atomization (fig* 5(d)). These 
changes . allowed a large percentage of the fuel to penetrate further down- 
stream in the combustor. 

At high fuel-air ratios at test condition B, the performance of 
model 46 was better than all other models in both range and efficiency 
(fig. 11(c)). Blow-out occurred at a fuel-air ratio of 0.041, where 
the efficiency was approximately 60 percent. The range at the other 
conditions A and E was about the same as that of model 29; however, the 
efficiency level was somewhat lower/ Model 46 was also characterized 
by rough burning. 

Combustor total-pressure loss . '- Typical total -pressure-loss data, 
obtained with several variable-area combustors with plain disk baffles 
are presented in figure 12. The pressure-loss data are plotted as a 
function of ccanbuBtor-inlet to -outlet density ratio. At a constant 
primary-air setting, pressure drop increased linearly with density ratio. 
When the primsiry-alr flow was increased by increasl3Qg the area of the 
air openings, the pressure drop was reduced. 

A curve representing the pressure loss of model 29 at test condi- 
tion E and at the primary-air settings required for maximum combustion 
efficiency is shown in figure 12(a) . If a constant area setting of U 
percent primary air were ^Ised (equivalent to a fixed-geometry combus- 
tor), the total-pressure loss would increase from approximately 20 to 
25 times the reference velocity pressure for an Increase in density 
ratio across the caabustor from 1.0 to 3.2. With variable-air admission 
(model 29), the pressure loss 'was only 21 times the reference velocity 
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pressure at the density ratio of 3-2 (eq.ui valent to a combustor tempera- 
ture rise of 1400° > a decrease of 16 percent from the fixed-area- 

setting curve. 

Temperature profile . - A typical combustor-outlet temperature pro- 
file for the high- efficiency model 29 is presented in figure 13. In 
general^ the temperatures were uniform within i-200^ although occa- 
sionally an eccentric profile was recorded. The eccentricity was usual- 
ly caused by misalinement of parts in the primary-air passages, or ec- 
centricity of the liner at the combustor outlet. 


DISCUSSION 

Comibustor Design Variables 

The results of this investigation showed that, by continuously 
varying the primary-air flow, it was possible to achieve nearly constant 
combustion efficiency over wide ranges of fuel-air ratio. The design 
features incorporated into the combustor permitted the primary-zone 
fuel-air ratio to be Jiaintained at a near- optimum value at all operat- 
ing conditions. 

From a consideration of the design of the variable-area combustor 
and the results obtained with the various experimental models investi- 
gated, several trends are indicated that may be useful in the design of 
turbojet corabustors . 

Fuel introduction . - When air atomization alone was employed, fewer 
holes in the fuel disk iiiproved performance. This result tends to sub- 
stantiate the theory that alternate air-rich and fuel-rich regions in a 
combustor primary zone aids combustor perfonnance (ref. 7) • Although 
no marked effect of hole size on performance was noted, there axe limits 
on the size that can be used. If small holes are used, fuel cannot be 
supplied over the canplete range of operation of an engine without ex- 
cessive fuel system pressures, or if the holes are very large, perform- 
ance will probably decrease and vapor-lock problems will increase. 
Similarly, there are size limits for the fixed-area spray nozzles used 
in some configurations. For example, the fixed-area nozzle of c ambus - 
tor model 34 was too small to permit operation over the complete range 
of engine conditions, whereas the large nozzle in combustor model 42 
allowed combustor operation at high fuel-air ratios (fig. 9) but pro- 
vided insufficient atomization at low fuel flows . 

It was found that for the experimental combustor configurations 
investigated, air and mechanical atomization of the fuel gave approxi- 
mately equal perfoomiance; the best performing models (29 and 46) used a 
combination of the two. These results suggest tlie use of primary air 
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to aid atomization of poorly developed spraye now obtained with conven- 
tional fixed-area spray nozzles at low fuel flows . Photographs of liq.u±d 
sprays obtained in a tubular turbojet combustor (ref. 8) are further evi- 
dence of the extent to which air flows inay aid atomization. 

Rotigh burning in the variable -area; combustor (table II) usually oc- 
ctirred at lean primary fuel-air ratios although occasionally it would 
occur at the rich end. In model 42 ^ wi:th the large fixed-area nozzle, 
the burning was very rough probably because of the poor atomization. 

The rough burning encountered in the best models (29 and 46) appeared 
to be associated with the use of fuel dams, which may have influenced 
the fuel preparation or the air-flow pa,t terns in the prima^ zone. 

Air-flow patterns . - The use of baffles in the primary zone markedly 
affected cc^bustion efficiency (fig. IQ). The slotted-disk baffle (model 
20) and the V-gutter baffle (model 2l) were designed to increase turbu- 
lence in the. primary zone. The difference in performance may be ac- 
counted for by the different degrees of turbulence created by the two 
baffles. The plain-disk baffle (model .25) was designed to promote re- 
verse flow in the center of the combustor primary zone. A small fuel 
spray was retiuired inside the baffle to provide a hot piloting region. 
Additional liner holes and fuel dams were req,uired to fvirther promote 
reverse flow and mixing of the fuel and air in the primary zone to 
achieve the high combustion efficiency of model 29 . 

The results obtained with the variable-area combustor models inves- 
tigated indicate that both air-flow patterns and fuel introduction af- 
fect the results obtained and that both must be varied to achieve the 
optimum configuration. The best models (29 and 46) were developed by 
this tec.hniq.ue . 

Control system . - The over-all fuel-air ratios (lOO-percent com- 
bustion efficiency assumed) req.xalred for operation of one current turbo- 
jet engine at a flight Mach number of 0.6 are presented in flg\ire 14. 
Higher fuel-air ratios are req.uired at ;high engine speeds but they oc- 
cur at lower fuel-flow rates as altitude is increased. The shape of the 
curves also changes with flight speed.; The design principle of the 
variable -area combustor is to increase. ;primary-alr flow with increase 
in these over-all fuel-air ratios to maintain primary -fuel-air ratio 
near optimum values. 

No single engine variable shown in figure 14 (fuel flow, engine 
speed, altitude, or flight speed) can theoretical^_ used as a pre- 
cise signal source to actuate the .primary -air-flow control mechanism if ' 
the variable-area design principle is to be used in an engine. Such a 
precise control signal would have to be obtained from a ccmbination of 
engine variables; such as fuel flow and combustor inlet-air density, or 
engine speed, altitude, and flight speed. 
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The data presented for several models of the experiiaental variable - 
area combustor show that maxiiirum combustion efficiency is obtained only 
when the proper amount of primary air is provided; however^ in some 
models maximum efficiency is obtained over a considerable portion of the 
fuel -air -ratio range at one primary-air-flow setting. This suggests the 
possibility of a two- or three-position control for primary-air setting 
instead of continuous control or use of a single variable such as en- 
gine speed to provide a signal soiirce. The off -design performance may 
not be seriovisly lowered by this method. Figure 15 illustrates one pos- 
sible method for utilizing a control signal to vary the primary-air open- 
ings in the combustor. The bellows assembly is linked to the throat 
section by the movable sleeve. The control pressure signal acts on the 
bellows area to adjust the throat section and maintain the optimum quan- 
tity of primary-air flow. 


Performance of Best Variable-Area Combustor 

The combustion-efficiency performance of model 29 variable-area 
combustor is compared with that of several other experimental combustors 
(refs. 5, 9, and 10) and with a reference production ccsnbustor, all of 
approximately the same nominal size, in figure 16. Two lines of con- 
stant cambustor temperature rise are also shown in figure 16 to repre- 
sent engine cruise operation (680^ P) and maximum engine speed (1180^ F) 
conditions. These lines show the increase in fuel-air ratio that is re- 
q.uired when loss of combustion efficiency occurs. The data indicate, in 
general, that all the experimental combustors represented have efficiency 
levels near 90 percent at test conditions A and E (pressure, 15 in. Eg 
ahs) . Greater differences in performance are exhibited at the more se- 
vere test condition B (pressxire, 8 in. Hg ahs); the efficiency of the 
prevaporizing combustor (ref. 9) was from 3 to 11 percentage jjolnts high- 
er than that of the variable-area combustor. It is also noted in figure 
16 that all the experimental combustors operated with efficiencies hi^- 
er than that of the reference production combustor, particularly at lean 
fuel-air ratios and at low pressures. The efficiency of model 29 was as 
much as 25 percent higher than that of the reference production combustor 
at the engine cruise conditions. At maximum engine speed conditions, 
however, the efficiency of model 29 was about 3 percent lower. All the 
experimental combustors were, however, designed without regard for other 
combustion-chamher problems such as durability, carbon deposition tenden- 
cies, and ease of manufacture. 

The range of fuel-air ratios over which model 29 would operate was 
only slightly greater than that of the reference combustor (fig. 16). 
Modification of the fuel-introduction system of model 29, however, re- 
sulted in a configuration (model 46) that operated at fuel-air ratios 
from 0.007 to 0.041 at test condition B (fig. llCc)). This operating 
range is about three times that of the reference cambustor ( 0.014 to 
0.027) at the same test condition. The comhustion efficiency of model 
46 was about 3 to 5 percent lower than that of model 29 over much of 
the operating range. 



12 


MCA RM E55B10 


The fact that all the experimental combustors represented In figure 
16 have approximately the same performance indicates that combustor per- 
foimance may be limited by the size of. the combustor. Data obtained 
with combustors of different size substantiate this possibility. A rela- 
tion between combustion efficiency and combustor size^ as expressed by 
the hydraiilic radiiis of the combustor liner at the point where the un- 
disturbed fuel spray strikes the liner walls , is presented in reference 
11. The comparison of different combustors was made at operation condi- 
tions of equal severity as expressed by the parameter 

Vr is the combustor reference velocily, calculated from inlet density, 
mass-flow rate, and maximum combustor cross-sectional area, ft/sec; 
is the combustor- inlet static pressirre, Ib/sq ft absj and Ti is the 
combustor-inlet temperatiare, °R) . 

Values of combustion efficiency and hydrauJ.lc radixis for several 
experimental and production combustors, including those of reference 
11, are presented in table III for two values of the seveiity factor 
(Vp/PjLT^ equal to 100 and 248KLQ~6) . nie combustion- efficiency data 

shown in table III were obtained from the faired curves of reference 12 
(based on the reciprocal of and from the other reference 

sources at a combustor temperature rise of 680*^ P, which is representa- 
tive of the CTxrrent requirement for engine cmnilse operation. At the 
high value of f performance is also shown for a temperature 

rise of 1180° P, which represents the requirements for TTiB-yimum engine 
speed. These data are plotted in figure 17. The major objective of 
the experimental combustors was high combustion efficiency at low pres- 
sures and the resixLts (fig. 17) show that most of these combustors have 
efficiencies well above the production ccmbustors at both values of 
Vj,/Pj^Tj_. The curve faired throu^ the ejcperimental data for combustors 

having the highest efficiencies suggest that the maximum performance 
attainable is limited by the size of the combustor. The variable -area 
cOTibustor data point is near the upper curve at both severity factors; 
thus its performance may also be limited by its size. The lower produc- 
tion combustor curve in figure 17(a) was obtained from reference 11. In 
general, for both production and experimental combustors, efficiency 
increases with increase in hydraulic radius. The curves indicate that 
a hydraulic radius of 2.0 inches or greater is required to achieve 100- 
percent efficiency at the lower severity factor with the fuels and equip- 
ment now being used. 

In figure 17, the scatter of the data is greater at the more se-. 
vere condition, which Indicates the difficulty of achieving high effi- 
ciency at hl^ values of Vp/PiTi. The effect of combustor length is 
not considered here and, may account for some of the spread of the data. 
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The effect of combustor ten^erature rise oh combustion efficiency 
is illustrated in figure 17(b) by the tailed symbols. In general, the 
efficiency decreased from 8 to 14 percentage points as the ten^jerature 
rise increased from 680° F (upper faired curve) to 1180° F. Data for a 
similar increase in teu^rature rise was available for only one produc- 
tion combustor (table lU) . This combustor showed an Increase in effi- 
ciency from 57 to 71 percent for the Increase in temperature rise. Its 
performance was thus close to the best of the expeidmental combustors 
of the same nomin^ size at the hi^er value of temperature rise. The 
decrease in efficiency with the decrease in combustor size is not yet 
well understood. Some possible factors are wall quenching effects, fuel 
impingement on the walls, or fuel and air mixing limitations due to com- 
bustor size . 

Pressure loss . - It is shown (fig. 12) that the pressure drop could 
be decreased with increased density ratio (or temperatxire rise) when the 
primary-air openings were varied for maximum ccmbustlon efficiency. If 
continuous control of the primary-air areas were used instead of step- 
wise changes, it appears possible that the combiistor pressure loss could 
be maintained at a nearly constant value over the complete range of fuel- 
air ratios. 

The pressure losses of the variable-area combustor investigated 
were higher than cuirrent practice (isothermal pressure drop of a repre- 
sentative production combustion is 12.0) . Nevertheless, it is believed 
that proper redesign of the front end of the combustor would result in 
marked reductions in pressure loss. 

Temperatxnre profile . - The data presented indicate that it is pos- 
sible to obtain a flat temperature profile even thou^ all the secondary 
air enters in only the last 5 inches of the liner. Since all the fuel 
and primary air enters at the upstream end of the combustor liner, a 
relatively uniform temperature profile is probably achieved by the time 
the hot gases reach the secondary-air slots. It is believed that con- 
trol of combustor-outlet temperatiue profile could be attained by simple 
changes in the secondary-air openings. 


CONCLUDING EEMAEKS 

Variable primary-air flow has been shown to be another method of 
extending the rich limit of combustion in addition to ftiel staging; 
however, either method involves a more complex combustor design and a 
more complex control system to regulate the new variable. This com- 
plexity must be weighed against possible gains that the data indicate. 

The major advantage of the variable-area ccxnbustor was the exten- 
sion of high efficiency over greater fuel -air-ratio ranges. The combus- 
tor failed, however, to perform with efficiencies much higher than 90 
percent, which was attributed to the small size of the combustor. 
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SUM4ARY OF KEaULTS 

An inrestigation was conducted with expeidmental cotobustor designs 
Incorporating a means of varying the primary-air flow. The performance 
of the best configurations at high-altitiide operating conditions ai« 
summarized in the following paragraphs. The values quoted for simulated 
f li^t performance refer to combustor operating conditions in a typical 
5.2-pre3sure-ratio turbojet engine at a flight Mach number of 0.6. 

1. The primary-air flow markedly affected combustion efficiency. 
Maximimi efficiency was obtsined with Increased primary-air flow as over- 
all fuel-air ratio was increased. 

2. Combustion efficiencies obtedned were as high as 89 percent at 
cruise speed at 56,000 feet and as high as 82 percent at 70,000 feet. 

At the cruise condition, the efficiencies of the best experimental model 
were as much as 25 percent higher than those of a reference production 
combustor of equal size. At full-rated engine speed, however, the effi- 
ciencies of the experimental model were 3 percent lower. 

3. The range of fuel-air ratios over which the combustor would op- 
erate without blow-out was increased with use of variable air admission. 
At the 70,000-foot condition, the fuel-air-ratlo range of one combustor 
model (model 46) was three times the range of a reference production 
combustor . 

4. The increase in combustor pressure loss with increase in combus- 
tor temperature rise was reduced when variable primary-air admission was 
used. The pressure-loss level, however, was higher for the models in- 
vestigated than for ciarrent pixiductlon combiistors. 


Lewis Pll^t Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, February 14, 1955 
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TABLE 1 . - FUEL ANALYSIS 


Fuel Properties 

MIL-P-5624B (JP-4) 
(NACA fuel 52-53) 

A.S.T.M. distillation D86-46, °F 


Initial boiling point 

136 

Percent evaporated 


5 

183 

10 

200 

20 

225 

30 

244 

40 

263 

50 

278 

60 

301 

70 

321 

80 

347 

90 

400 

Final boiling point 

498 

Residue, percent 

1.2 

Loss, percent 

0.7 

Aromatics, percent by volxane 


A.S.T.M. DB75-46T 

8.5 

Silica gel 

10.7 

Specific gravity 

0.757 

Viscosity, centi stokes at 100° F 

0.762 

Reid vapor pressure, Ib/sq in. 

2.9 

Hydrogen- carbon ratio 

0.170 

Net heat of combustion, Btu/lb 

18,700 


3553 
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TABLE II. - EXPERIMENTAL DATA 


Run 

COBbUS- 

tOT 

Bettlns 

ConbUBtor- 
Inlet to- 
tal pares- 
Bore, 

in. Be atB 

CoBbuB tor- 
inlet to- 
tal tax- 
perature, 

'4' 

Alr- 

flo»r 

rate, 

Ib/eeo 

JLlr-floB 
rate per 
unit 
area, 
U/teec) 
(bq ft) 

CoBbuator 

reference 

TeloeitsTr 

ft/sec 

Puel- 

flOB 

rate, 

li/ttr 

Fuel- 

air 

ratio 

Kean 

OOBOUBtOr- 
oatlet to- 
tal tem- 
perature. 

Mean 
ocabuB- 
tcr tem- 
parature 

CoDimB- 
tion ef- 
fielenor, 
percent 

Total 

preBanre- 

lOBB 

throui^ 
coadJUBtor, 
la. water 

ReKarka 

I Model 10 1 

710 



7 

.9 

2S6 

0UJ97 

1.487 

103.4 

26. 7 

0.0201 

1185 

917 

66.7 




711 



T.S 

265 

.395 

1.480 

102.6 

26.0 

.0185 

1150 

685 

69.2 

— 


712 



8 

.O 

272 

.396 

1.484 

102.5 

22.5 

.0156 

1075 

803 

72.0 



7U 





266 

.397 

1.407 

101.9 

29.6 

.0207 

1200 

934 

65.1 



714 





271 

.394 

1.476 

101.9 

26.7 

.0202 

1225 

954 

68.1 

s_ 


715 





271 

.398 

1.490 

102.8 

31.5 

.0220 

1255 

984 

65.1 




716 





270 

.403 

1.509 

103.9 

35.0 

.0241 

1240 

970 

58.7 



717 





272 

.404 

1.514 

104.6 

37.0 

.0255 

1220 

948 

54.4 

— 

(*> 

718 


6 

8 

.0 

266 

.405 

1.517 

103.9 

51.5 

.0555 

1210 

944 

40.1 




719 


1 

8.0 

270 

.397 

1.487 

102.4 

49.0 

.0344 

1240 

970 

42.3 






8 

.1 

268 

.402 

1.505 

102^1 

46.5 

.0321 

1330 

1062 

49.5 







6^ 

288 

.399 

1.495 

102.4 

45.5 

.0305 

1325 

1059 

62.1 



1 722 


T 

7 

.9 

286 

.400 

1.499 

104.0 

40.5 

.0281 

1280 

1014 

53.4 



72S 

5 

8 

.0 

265 

.398 

1.490 

101.9 

59.0 

.0272 

1320 

1055 

57.2 


C*i) 

■r 



8 

,1 

276 


16 

1.490 

102.2 

34-7 

.0242 

1270 

994 

60.0 

13.0 


B, 'i' 



8 

.O 

266 





102.1 

31.7 

.0221 

1240 

974 

65.9 

13.1 


B, '-$! 



7 

.9 

270 





103.9 

28.4 

.0198 

1205 

935 

68.0 

13.1 


B. v: 



8 

.0 

£74 





103.2 

26.8 

.0187 

1170 

896 

68.8 

12.6 


729 



5.0 

264 





101.6 

Z5.0 

.0161 

1090 

626 

72.8 

12.6 


730 



8 

.o 

262 





101.5 

20.0 

.0139 

1005 

743 

74.5 

12.5 


731 



8 

.0 

269 





102.5 

35.2 

-0246 

1280 

1011 

60.4 

12.8 




















733 


S 

e 

.0 

266 

-3* 

76 

1.490 

102.1 

43.6 

.0304 

1340 

1074 

52.7 

11.6 

734 



8 

.0 

269 





102.5 

40.0 

.0279 

1525 

1056 

56.0 

11.5 


736 



8 

.1 

265 




F 

100.7 

46.5 

.0524 

1330 

1066 

49.2 

11.4 


738 



8 

.0 

264 



1.4 

n 

101. e 

49.1 

.0342 

12SQ 

986 

45.1 

U.5 


737 





266 





102.1 

47-6 

.0532 

1270 

1004 

45.2 

11.6 


738 





268 



, 


102.4 

52.0 

.0362 

1210 

942 

39.1 

11.6 


739 

6 

8.0 

264 

.397 

1.467 

101.6 

52.Q 

.0364 

1325 

1061 

44.0 

11.2 


740 



a 

.0 

272 

.385 

1.479 

102.1 

39.5 

.0276 

1400 

1126 

60.4 

11.0 


741 



8 

.1 

270 

.397 

1.487 

lOX.l 

45.2 

.0516 

1470 

1200 

57-2 

11.1 


742 



a 

.0 

268 

.397 

1.467 

102.1 

48.4 

.0336 

1360 

1092 

48.6 

11.2 


743 



8 

.0 

266 

.396 

1.463 

101.6 

53.9 

.0378 

1320 

1054 

42.4 

11.2 


744 

2^ 

8.0 

272 

.398 

1.491 

103.0 

34.9 

.0244 

1280 

986 

59.4 

12.0 


745 



7 

.9 

270 

.395 

1.479 

103-1 

38.7 

.0272 

lisa 

690 

48.0 

u.e 


748 



8^ 

270 





101.9 

4T.0 

.0331 

1070 

800 

35.9 

11.6 


747 




: 

264 





101.0 

53.0 

.0232 

1280 

1016 

63.9 

11.6 


748 




' 

266 





10X.6 

29.8 

.0210 

1250 

982 

Gft.O 

n.T 


749 


7 

.9 

272 





103.4 

^.4 

.0178 

1165 

915 

73.3 

11.6 


750 


> 

H 

01 


271 

.573 

2.146 

76.93 

51.2 

.0248 

1595 

1324 

79.5 

13.8 


751 





270 




: 

78.62 

47.3 

.0230 

1525 

1255 

81.0 

13.6 


752 





£72 





79.04 

43.4 

.0211 

1450 

1178 

82.2 

13.4 


753 



16 

.1 

271 

.570 

2.1. 

55 

76.00 

46.0 

.0224 

1500 

ipoa 

80.7 

13.2 


754 



16.1 

270 





77-69 

65-7 

.0272 

1690 

1420 

76.9 

13.4 


755 



16.0 

266 





78.20 

39.5 

.0092 

1390 

1122 

84.8 

12.6 


766 





265 





77.67 

36.7 

.0174 

1295 

1030 

85.2 

12.4 

(^3 

757 





270 





78.41 

33.0 

.0161 

1250 

960 

85.4 

12.4 

(bj 

758 





272 





76.63 

29.0 

.0141 

1140 

866 

87.0 

12.2 

(b) 

759 



15 

.0 

271 

.570 

2.1, 


76-52 

43.1 

.0210 

1460 

lies i 

83.1 

11.0 

Cb) 

760 



IS 

.0 

272 





78.63 

46.2 

.0225 

1540 

1266 

63.2 

11.2 


761 



IS 

1 

267 

' 




77.58 

61.0 

.0249 

1640 

1373 

82.6 

11.5 


782 



15 

0 

272 

.565 

2.116 

77.93 

57.3 

.0281 

1740 

1466 

79.0 1 

12.2 


763 



14 

9 

1 264 

.570 

2.1. 

S5 

78.29 

40.0 

.0195 

1410 

1146 

65.6 

10.6 


764 



IS 

.0 

264 





77.77 

39.5 

.0192 

1395 

1131 

65.5 

10.8 


765 





270 " 





78.41 

55.5 

J3173 

1290 

1020 

84.8 

10.5 


766 



, 


267 





78.09 

32.5 

.0168 

1205 

938 

84.5 1 

10.2 

tb) 

767 

lO 

15 

0 

266 

.570 

2.135 

77.58 

40.7 

.0199 

1415 

1149 

84.5 

10.8 

mlm 

768 





271 





78.52 

35. S 

.0173 

1300 

1029 

85.6 

10.7 


769 





272 





78.63 

44.9 

.0219 

1510 

1258 

83.5 

10.9 


770 





269 





78.30 

49.7 

.0242 

1620 

1351 

85.1 

11.0 


771 





265 

.566 

2.116 

77.19 

54.9 

.0270 

1730 

1465 

82.0 

11.2 

■ ■ 

772 



15 

1 

271 

.73 

!5 

2.753 

1 100.6 

50.1 

.0190 

1375 

1104 

84.7 

21.2 


773 



15 

0 

266 





100.8 

48.3 

.0175 

1310 

1042 

8S.8 

21.4 


774 





267 





' 100.7 

43.6 

.0166 

1245 

978 

84.5 

21.2 


775 





271 





: 101.2 

59.2 

.0148 

1165 

914 

87.5 

20.9 


778 





as6 





100.6 

54.4 

.0130 

1075 

809 

87.3 

20.5 


777 





284 

-730 

2.734 

99.59 

:3i-7 

1 .0121 

1025 

761 

88.0 

20.0 


778 





270 

.735 

2.753 

101.1 

65.2 

: .0208 

1455 

1185 

83.2 

21.7 


779 





i 271 

.730 

2.734 

100.8 

'61.6 

.0255 

1626 

1254 

79.2 

22.1 


780 





268 

.735 

2.753 

100.9 

'65.5 

1 .0248 

1550 

1262 

7T.0 

22.3 


781 

■ 


15 

0 

268 

.730 

2.754 

100.1 

65.2 

' .0248 

1625 

1367 

81.8 

19.1 


782 





1 264 

.736 

21.753 

1QD.3 

;59.1 

; .0223 

1550 

1286 

85.0 

18.7 


783 





269 

.730 

2.734 

100.3 

52.6 

: .0200 

1455 

1 1186 

86.3 

18.0 


784 





265 

.72 

5 

2.7 

S3 

100.4 

46.1 

-0182 

1560 

1 1095 

87.0 

18,1 


785 





272 





101.4 

!44.9 

.0170 

1290 

1016 

86.1 



786 





267 

' 




100.7 

37.9 

.0143 

i 1135 

866 

85.6 1 


Cb) 

787 





266 

.725 

2.715 

99.17 

40.7 

.0156 

1200 

954 

85.2 j 



788 

10 

15. 

0 

272 

.725 

2.715 

99.89 

56.5 

.0213 

1470 

1196 

82.6 

mSKM 


789 

[ 



270 

.730 

2.734 

100.4 

61.3 

.0253 

1560 

1310 

83.5 

18.4 


790 

t 



268 

.735 

2-753 

100.8 

47.1 

.0178 

1225 

957 

77.1 

— 


791 

0 

15.1 

271 

.980 

3.670 

134.1 

SLJ 

.0149 

1160 

869 

84.6 

37.2 


792 

I 

15. 

1 

266 

.965 

3.614 

131.1 

58.6 

.0163 

1210 

944 

82.5 

37.8 


793 


14 

9 

269 

.965 

3.614 

1 155.4 

62.3 

.0179 

1 1260 

991 

79-5 

■ 


794 

1 

14 

9 

270 

.950 

3.558 

151.6 

,45.9 

.0128 

1060 

790 

88.4 



795 

I 

15 

0 

266 

.956 

3.577 

130.7 

40.4 

.0117 

995 

729 

66.7 

— 



blowout. 

^Rcu^ buml££. 
®Very roush bumln*. 
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TABLE II. - Continued. EXPERIMENTAL DATA 


1 Run 
1 
j 

i 

CombuB- 

tor 

crank 

setting 

. ... 

CombuBtor- 
inlet to- 
tal xu*es- 
flure, PjL, 
in. Eg abs 

CombuBtor- 
inlet to- 
tal ten- 
perature. 

Air- 

flow 

rate, 

Ib/eec 

Air-flow 
rate per 
unit 
area, 
lb/(Bec) 

Ca<i ftj 

ConbuBtor 

reference 

velocity, 

Tr. 

ft/sec 

Fuel- 

flow 

rate, 

Ib/Hr 

Puel- 

air 

ratio 

Mean 

oonbua tor- 
outlet to- 
tal tem- 
perature. 

Kean 
oonbus- 
tor tem- 
perature 
n.g. 

Combus- 
tion ef- 
fitleney, 
percent 

Total 

presBure- 

loes 

through 

OQKtbUBtOr, 
In. water 

Remarks 










Model 

20 


. 







1 796 



a 

7° 

268-.- . 

0.4( 

11 

1. 

502 

103.2 

29.0 

0.0201 

1265 

997 

71.8 




mm 





266 





102.9 

26.0 

-OIBO 

1235 

969 

77.3 

— _ 


■rS 





270 





105.4 

22.2 

.0153 

UDO 

630 

76.8 

— 

(*/bJ 

1 799 




f 

267 





103.0 

25.7 

,0178 

1190 

923 

74.3 

12.6 


1 dOO 



a 

.1 

270 





102.2 

28,7 

.0199 

1235 

965 

70.1 

12.7 


1 801 



6 

.1 

286 





101.6 

32>fl 

-02^ 

1285 . 

1019 

66.5 

12.9 


1 807 

1 


6 

.1 

270 


n 

1. 


102.2 

31,7 

-0220 

1290 

1020 

67.6 

9.6 

(b) 

’ 8oa 




’ 

273 





102.6 

35. S 

-0245 

1400 

1127 

67.6 

9.9 


, 809 




' 

272 


, 


, 

102.4 

36.4 

.0266 

1445 

1173 

65.6 

10.0 


BIO 



8 

.0 

273 





103.9 

41.2 


1490 

1217 

63.9 

10-4 


811 



7 

.8 

272 

.402 

1.508 

1W.7 

31.7 

.0^9 

1280 

1008 

67.0 

— — 


622 

9 

14 

.9 

^71 

.741 

2.775 

102.7 

24.6 

.0092 

870 

599 

B9.3 

20.4 


623 

T 

IS.O 

268 

.741 

2.775 

101.6 

21.4 

.0080 

790 

522 

80.9 

19.8 


830 

5 

15 

0 

270 

.740 

2.T72 

101 . a 

60.5 

.0227 

1540 

1270 

62.6 

18.7 


= 853 





270 

.739 

2.768 

101.7 

63.3 

.0200 

1440 

1170 

85. 4 

16.0 


834 





268 

.739 

2.768 

1X11.4 

47.5 

.0180 

1345 

1077 

66.4 



835 





263 



2. 

772 

LOO. a 

42.6 

.0160 

1235 

972 

66.8 



836 





269 





101.7 

37.9 

.0143 

1160 

691 

88.2 

16.9 


837 





288- ■ 





101.5 

35.0 

.0124 

106Q 

792 

89.4 

.... 


858 





270 

.739 

2.768 

101.7 

25.7 

.0097 

900 

630 

89.5 

— -- 


• 844 

10 

15 

0 

282 

.742 

2.' 

779 

101.0 

64.2 

.0240 

1595 

1353 

82.5 

17.4 


' 845 

1 



269 





101.9 

71.0 

.0266 

1710 . 

1441 

81.7 




846 



, 

265 





101.4 

75.2 

.0282 

1780® 

1515 

81.7 

— 

(dJ 

1 HodBl 2X . 1 

867 


3 

0 

0 

273 

0.396 

l.i 

L83 

102.6 

25.0 

0.0161 

1030 

767 

66.4 

13.0 


1 866 



8 

0 

266 





101.6 

20. 0 

.0140 

985 

719 

71.6 

12.8 


: 869 



8 

1 

265 





100.2 

25.5 

.0179 

mo 

845 

87.3 



870 



6 

0 

288 





101.6 

26-4 

.0199 

1160 

894 

64.5 



871 



6 

0 

276 

.397 

1.487 

105.2 

30.2 

.0216 

1X95 

919 

61.5 

13.2 


872 



8 

0 

286 

.597 

1.487 

101.8 

34.1 

.0238 

1X75 

909 

55.4 

.. 

(bl 

877 



15 

0 

270 

.742 

2,779 

102.1 

37.8 

.0142 

1120 

850 

04-6 


(b) 

878 



. 


272 

.741 

2.775 

102.2 

33. 8 

.0127 

XQ 60 

778 

85.6 


(b) 

879 





272 • 

.740 

2.772 

102.1 

30, S 

.01 X 6 

995 

723 

67.5 

231. 1 


880 



14 

9 

264 

.759 

2.766 

.1^.5 ■ 

29.0 

..01p9 

960 

696 

66.5 

ZL.O 


881 



15 

2 

263 

.740 . 

2.t72 

lto.3 

43 . 4 ! 

.0163 

1255 

966 

84.7 

17.2 


882 



15 

0 

271 

,741 

2.776 

ffi.l 

46,0 

.0176 

1290 

1019 . 

63.5 



883 





272 

-740 

&.772 . 

102.1 

49.9 

.0187 

1335 

1083 

83.7 



88i 





272 

.741 

2.776 

102.2 

55.6 

.0201 

1410 

1138 

82.7 

---- 


885 





264 

.741 

2.775 

101.1 

56.6 

.0212 

1460 

1196 

82.4 

16.6 


886 





270 

.740 

2.772 

101.8 

61.6 

.0252 

1540 

1270 

81.4 

— 











Model 24 







937 



15 

1 

268 

0.742 

2.] 

79 

100.6 

48.5 

0.0174 

1310 

1044 

86.5 

19.2 


938 



15 

0 

267 





101.7 

42.0 

.0157 

1240 

973 

88.2 

— 


959 



IB 

1 

270 





101.4 

40.0 

.0150 

1200 

930 

68.4 

..... 


940 



16 

1 

269 

.740 

2,772 

IQl.O 

36. S 

.0137 

1130 

861 

88.6 

18.6 

(b) 

941 



15 

0 

267 

.740 

2,772 

1(XU4 

49. r 

.0167 

1390 

1125 

87.1 



942 



15 

1 

269 

.750 

2 J 

09 

102.3 

55.2 

.0205 

1460 

1191 

05.2 

- 


943 



15 

0 

268 

.747 

2.798 

102.5 

67.5 

.0214 

1600 

1232 

84.7 

— — 


944 



15 

0 

272 - 

.745 

2.790 

102.8 

57.0 

-0215 

1525 

1253 

05.7 

19.5 


945 



15.0 

268 

.75 

>0 

2.809 

102.9 

61. s' 

.0228 

1505 

1317 

65.5 

— 


; 946 



is:. 

I 

262 





101.4 

85.5 

.0242 

1640 

1370 

64.7 

1 


947 



15.0 

267 





102.7 

65.4; 

.0255 

1670 

1403 

03.0 



946 



16. 

0 

270 





105.2 

70.5 

.0261 

1700 

1430 

02.5 

— — 


949 

10 

15.1 

272 

.745 

2.790 

102.1 

70-0 

.0264 

1710 

1458 

62.1 

19.7 

(e) 

950 

0 

a . 

0 

268 . 

.396 

1.485 

101.9 

30 . 7 ; 

.0272 

1300 

1032 

56.1 

12.2 


961 





274 

.597 

1.487 

103.0 

34 . 9 , 

.0245 

1310 

1036 

62.3 



952 





264 

.396 

1.483 

101.3 

31.4 

.0220 

1240 

978 

64.3 

.... 


953 





264 

.590 

1.491 

101.8 

29.3 

.0204 

1190 

926 

65.2 



954 





. . 

.596 

1.4B3 

— 

26.3. 

.0185 


— — 



(d) 

955 





269 

- .596 

1.483 

102-0 

37. L 

.0260 

130Q 

1031 

50.3 

12.3 


957 

4 

a. 

0 

273 

iS 9 a 

1.491 

103.1 

44.7 

.0512 

1400 

1127 

54.2 

11.4 


958 



7. 

9 


• v398 

1.481 


40.7 

.0284 

1300® 

.-w— 




960 



— 

~ — 

— 

- 

_ — __ 



50.2 

.0351 

1350® 




— 

M 

961 



a . 

1 

270 

-597 

1.487 

101.1 

46.0 

.0328 

1410 

1140 

52.6 

— -- 


962 



6. 

0 

273 ■ 

.596 

1.483 

102.6 

41.5 

.0292 

1370 

109 T 

56.2 

— 



^ear blow-out, 

*^ougti bumlDS- 

*^ApproxLnuite tmt^eratura Juat bafore blow-out. 
<^o«-out. 

^No1b 7 oombuBtlon. 

^Somawhat unstable. 
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TABLE II. - Continued. EXPERIMENTAL DATA 


Bun 

Coabua- 

tor 

^^T»gnlr 

setting 

Cooibua tor- 
inlet to- 
taX pres- 
sure, P^, 
in. Eg abs 

Cocibus tor- 
inlet to- 
tal tem- 
peratu3Pe, 

Air- 

flow 

rate, 

Ib/seo 

Air- flow 
i*ate per 
unit 
area, 
lb/(sec) 
Csq ft) 

Combustor 

reference 

velocity, 

V 

ft/sec 

Puel- 

flOK 

rate, 

Ib/hr 

Fuel 

air 

ratio 

Mean 

eonbuB tor- 
outlet to- 
tal te«- 
perature. 

Mean 
ooBbua- 
tor tea- 
perature 
rls^ 

°F 

Conbus- 
tljon ef- 
ficiency, 
percent 

Total 

prasaure- 

lOSB 

through 

eonOxistor, 

In. water 

Reicarka 

Kodei 25 . 





























(1 

I 

990 



8.0 

271 

.395 

1.479 

102.0 

44.4 

0.0312 

1100 

829 

39.3 

I 2 I 0 



994 





275 

.395 

1.479 

102.6 

29 

.0206 

loss 

780 

54-3 

11.6 


995 





267 

.3 

94 


t76 

101.2 

26.5 

.0187 

1010 

743 

56.5 

— 


996 





272 





101.9 

25.8 

.0168 

955 

683 

57.5 




997 





268 





101.4 

22.0 

.0155 

875 

607 

54.8 

— 


99a 





270 





101.6 

19.5 

.0138 

820 

SSO 

55. 5 

— 


999 





220 





101.6 

42.0 

.0297 

1120 

850 

42.2 

11.8 


1001 

6 

8 

.1 

274 

.393 

1.472 

100.7 

45.6 

.0324 

1360 

1086 

50.4 

10.5 


1007 

5 

8 

.0 

268 

.395 

1.479 

101.6 

26.5 

.0187 

960 

692 

52.7 

9-5 


1010 

1 

p 

8 

.0 • 

266 

.595 

1.479 

101.3 

43.4 

.0306 

1320 

1054 

51.5 

10.3 


1011 





266 

.394 

1.476 

101.1 

40.9 

.0268 

1305 

1039 

53.5 

— 


1012 





269 





101.5 

36.0 

.0254 

1220 

951 

54.8 

— 

(b) 

1013 





263 





100.7 

45.5 

.0321 

1360 

1097 

51.4 

10.3 


1014 





270 





101.6 

49.1 

.0347 

1460 

1190 

52.2 

— 


1015 





271 

JS5 

1.479 

102.0 

54.1 

.0300 

1S05 

1234 

49.6 

— 

(c) 

1016 


> 

14 

.9 

269 

.735 

2.753 

101.7 

48.1 

.0182 

1210 

941 

74.2 

19.5 


1017 



14 

.9 

269 

.733 

2.745 

101-4 

44.4 

.0169 

1155 

866 

75.0 

— 


loia 



15 

.0 

272 

.735 

2.763 

101.4 

40.4 

.0153 

1075 

803 

74-4 

— 



1019 





268 

.737 

2.760 

101-1 

35.8 

.0135 

385 

717 

74.4 

— 



102D 





269 

.740 

2.772 

101.7 

32.S 

.0122 

915 

646 

73.5 

■ - ... 

(b 


1021 





269 

.755 

2.753 

101.0 

46.8 

.0177 

1190 

921 

74.6 

— 


1022 





269 

.735 

2. 753 

101.0 

52.6 

.0199 

1285 

1016 

74.0 

19.6 


1025 

5 

15 

.0 

267 

.737 

2.760 

101.0 

64-7 

.0243 

1545 

1278 

78.0 

18.1 


1026 





264 

.745 

3.790 

101.6 

58-9 

.0220 

1445 

1181 

79 -0 

— 


1027 





268 

-737 

2.760 

101.1 

53,6 

.0202 

1340 

1072 

77.2 

— 


102B 





270 

.735 

2.753 

101.1 

48.4 

.0183 

1240 

970 

76.4 

— 


1029 





267 

.742 

2.779 

101.7 

44-9 

.0168 

1145 

678 

74.4 

— 


1031 





273 

.740 

2.772 

102.2 

70-0 

.0263 

1630 

1357 

77.6 

18.6 


1033 

1( 

3 

IS 

.0 

269 

.740 

2.1 

72 

101.7 

7T-9 

.0292 

1795 

1526 

79.6 

18.0 


1034 



15 

.0 

263 





100.8 

01-3 

.0305 

1840 

1577 

79.2 

— 


1035 



14 

.9 

268 





102.2 

73-4 

.0276 

1720 

1452 

79.6 

— 


1036 



15-0 

268 





101. S 

67-1 

.0252 

1630 

1362 

81.0 

— 


1037 



14 

.9 

271 





102.6 

61-3 

.0230 

1510 

1239 

79.5 

— 


103 S 



15 

0 

272 

.742 

2.779 

102.4 

55.2 

.0206 

1320 

1098 

77.5 

— 


Model 26 | 


















T 



269 




? 



[ 


y) '0 

a 



} 





} 

t 


t 





1042 

2.5 

B.O 

272 

.397 

1.4 

.87 

102.7 

33. S 

0.0277 

1500 

1226 

66.4 

12.4 

a 


1043 



7 

.9 

277 





104.7 

32.7 

.0228 

1370 

1093 

70.1 

— 



1044 



a 


275 





103.1 

29.8 

.0209 

1325 

1050 

73.1 

— 



1045 





272 





102.7 

2T.1 

.0190 

Ti>S»n 

948 

72.0 

11.3 



1050 




r ' 

266 





101.8 

44.7 

.0313 

1520 

1254 

60.6 

— — 



1051 





274 





103.0 

4T.S 

.0334 

1480 

1206 

55.0 

— 



1054 



14 

.9 

264 

.742 

2.779 

101.9 

48.3 

.0181 

1530 

1066 

85.2 




1055 



15 

.0 

266 

.742 

2.779 

101.5 

44.7 

.0166 

1270 

1004 

86 .0 

— 


1056 



14 

.9 

273 

.740 

2.772 

102.9 

40.7 

.0153 

1185 

912 

84.8 

— 



1057 



15 

0 

273 

.740 

2.772 

102.2 

37. 1 

.0139 

1X30 

857 

87.0 

— 



1058 





264 

.745 

2.790 

201.6 

32.5 

.0121 

1020 

756 

87.0 

— 



1059 





282 

.740 

2.772 

100.7 

29.8 

.0112 

975 

713 

88.5 

19.3 

(bj 


1060 

( 


is-a 

278 

.742 

2.779 

103.2 

53.6 

.0201 

1450 

1152 

84.0 

21.0 


1061 





268 

.740 

2.772 

lOGL.S 

51.2 

.0192 

1390 

1122 

84.8 

— 


1062 



, 


280 

.742 

2.779 

103.5 

47. S 

.0170 

1330 

1050 

85.4 

— 


1063 



IS 

1 

266 





100.8 

57.3 

.0214 

1510 

1244 

85.3 

— 


1064 



15.0 

267 





101.7 

61.0 

.0228 

1570 

1303 

84.5 

— 


1065 





265 





101.4 

66.0 

.0247 

1640 

1375 

83.2 

— 


1066 





270 

.740 

2-772 

101.8 

71.6 

.0269 

1720 

1450 

81.5 

— 


1071 


} 

15 

o 

266 

.973 

3.644 

ISSll 

43.1 

.0123 

1025 

759 

86.0 




1072 


. 

15 

0 

268 

.965 

3.614 

132.4 

39.0 

.0112 

965 

697 

86.2 

— 


1073 



15 

1 

270 

.980 

3.670 

133.9 

30.6 

.0087 

000 

530 

83.6 

— 


1074 


..5 

15 

0 

280 

.970 

3.633 

135.3 

58.7 

.0168 

1270 

990 

84-6 




1075 





280 

.980 

5.670 

136.6 

51.8 

.0147 

lies 

905 

87.5 

— 


1076 





260 

.980 

3.670 

133.0 

45.2 

.0128 

1060 

800 

87.5 

— 


1077 





278 

.970 

5.633 

134.9 

64.9 

.0186 

1375 

1097 

85-6 

— 


1078 



15 

1 

264 

.975 

5.652 

132.2 


.0204 

1435 

1171 

83.8 

— 


1079 



15.0 

^5 

.970 

3.633 

132.5 

76.6 

.0219 

149b 

1230 

82.6 

— 



buralnff. 

burning 

®Blow-out. 

*Very rough burning. 
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TABLE II. - Continued. EXPERIMENTAL DATA 


Run 

OotnbUB- 

tor 

crank 

Betting 

CombuB tor- 
inlet to- 
tal prea- 
sure, PjL, 
in. Hg abB 

Conbus tor- 
inlet to- 
tal tem- 
pera tuxN»j 

Air- 

flow 

ratej 

Ib/aeo 

Air-flow 
x^te per 
unit 
area, 
lb/(aeo) 
(94 ft) 

Conbtietor 
referenoe 
velocity j 
^r» 

tt/aec 

Fuel- 

flow 

rate, 

ib/hr 

Fuel 

air 

ratio 

Mean 

combustor- 
outlet to- 
tal tem- 
pera t\ire, 

®F 

Mean 
ocsibtui- 
tor tem- 
perature 

Gonbua- 
tion ef- 
ficiency, 
percent 

Total 

preeaure- 

loss 

Uiroitgh 

coobuBtor 

in. water 

Ret&axioi 

1 Model 29 1 




a 

.0 

271 

0.398 

1. 

491 

102.8 

9 

9 



9 

— - 

9.7. 





15 

.0 

266 

.748 

2. 

801 

102.3 

T 

T 

— 

1 


16.0 


Hi 



15 

.0 

263 

.965 

3. 

614 

131.5 

\ 

f 

— 

t 


29.0 

U) 

mwi 



8 

.0 . 

26$ 

.397 

1. 

487 

101.8 

36-2 

0.0246 

1425 

1159 

69.6 

12.5 







267 

.395 

1. 

479 

101.4 

30-6 

.0215 

1335 

1066 

72.3 

— 


llSl 





264 

.3 

97 

1. 

487 

Ipl.6 

27.1 

.0189 

1250 

986 

74.9 




1162 





267 





102.0 

22:0 

.0154 

1110 

843 

77. S 



1163 





268 





102.1 

18.4 

.0129 

1015 

747 

61.2 

11.5 







268 . 





102.1 

24.9 

.0174 

1195 

927 

76.1 

— 







286 





101.8 

36.8 

.0257 

1455 ' 

1169 

68.5 




1166 





269 





102-3 

42.0 

.0294 

1445 

1176 

59. 9 

— 

( 0 ) 

1187 

2.S 

6 

.1 

288 

.398 

1, 

491 

lOI.l 

33.3 

.0232 

1300 

1052 

64.8 

11.7 


1196 

0 

15 

.0 

264 

.737 

2. 

760 

100.5 

41.8 

.0158 

1215 

951 

86.0 

19.4 






1 

264 

.739 

2. 

768 

10Q.8 

37--7 

.0142 

1155 

871 

86.7 

— 

(b) 

1198 





265 

.740 

2. 

772 

101.1 

54.4 

.0129 

1070 

605 

87.4 

— — 


1199 





267 

.742 

2. 

779 

101.7 

29-8 

.0112 

975 

708 

sa.i 



1200 



15 

.1 

266 

.745 

2. 

790 

101.2 

24:9 

.0093 

880 

614 

00.9 

— 


1201 



15 

.0 

263 

-743 

2. 

783 

101.2 

20.9 

.0076 

780 

617 

90.0 




1202 





268 

.743 

2. 

783 

101.7 

32.7 

.0122 

1035 

769 

67.9 

— 


1203 





266 

.7 


2. 

779 

101.5 

45.2 

.0189 

1270 

1004 

65.1 



1204 





264 





101.2 

48.6 

.0182 

1355 

1071 

65.0 

— — 


1203 





266 





101.5 

55-1 

.0198 

14.0 

1144 

63.6 

20.7 


1217 

6 

IS 

.0 

266 

.739 

2. 

768 

101.1 

74.4 

.0260 

1720 

1454 

78.8 

20.0 

<b> 


7.5 

15 

.0 

264 

.742 

2. 

779 

101.2 

74.4 

.0279 

1780 

1516 

62.4 








266 

.742 

2. 

779 

101.5 

79 ..5 

.0298 

1875 

1609 

62.9 


■via 






263 - 

.7 


2. 

790 

101.5 

68.5 

.0248 

1680 

1417 

65.6 


HSB 

1221 





266 





101.9 

59.4 

.0222 

1550 

1284 

65.6 



1223 





264 





101.6 

59:2 

.0221 

1530 

1266 

84.6 



1224 





266 

.742 

2. 

779 

101.5 

54.4 

.0204 

1420 

1154 

62.8 

17.9 


1225 





265 

.741 

2. 

775 

101.2 

69-5 

.0261 

1690 

1425 

82.3 

■ ■— 


1226 





264 

.742 

2. 

779 

101.2 

78.0 

.0202 

1860 

1596 

S3. 5 

— 


1226 

.< 

i . 

15 

.0 

268 

.964 

3. 

610 

132.2 

48 J. 

.0139 

1120 

852 

66.6 

34-5 


1229 





264 

.963 

3. 

607 

131.4 

44.1 

.0127 

1055 

791 

87.0 



1230 





263 

.964 

3. 

610 

131.3 

40.4 

.0118 

995 

732 

67.6 



1231 





262 

.9 


3. 

507 

131.0 

56.0 

.0104 

930 

668 

68.9 



1232 





287 





131.9 

31.7 

.0091 

660 

593 

69.4 

— 

(b) 

1253 





265 





131.6 

27.3 

.0081 

600 

535 

90.1 

— — 

(b) 

1234 



14 

9 

262 

.964 

3. 

510 

132.0 

25.5 

.0068 

730 

466 

91.0 




1235 



15 

.0 

266 

.9 

53 

3. 

607 

131.6 

50.^ 

.0147 

1155 

889 

85.6 

- — - 

(b) 

1236 





265 





131.6 

57 .‘4 

.0166 

1260 

985 

65.Q 



1237 





266 





131.8 

60.5 

.0174 

1290 

1024 

64.4 




1238 





262 




f 

131.0 

63 -.4 

.0183 

1515 

1053 

63.2 

“ 

(b) 

1240 

6 

15 

.0 

264 

.963 

3* 

607 

LSI. 4 

. 87.1 

.0193 

1370 

1106 

63.0 

31.8 


1241 

5 

15. 

►0 

267 

.963 

3. 

607 

131-9 

j 72.3 

.0209 

1445 

1178 

82.4 

— 


1244 

10 

15 

.1 

266 

.969 

5. 

629 

151.7 

: 

.0234 

1575 

1309 

82.7 

— 


1245 

10 

15. 

.0 

262 

.967 

3. 

622 

131.6 

85 -B 

.0246 

1650 

1388 

84.0 

— — 

(b) 

1248 

15 

15. 

.0 

266 

.9 


5. 

507 . 

151.8 

• 94-0 

.0271 

1760 

1494 

83.4 

— 


1249 

1 

I 


264 




1 

151.4 

.101.6 

.0294 

1670 

1406 

72.5 


(d) 

1250 




267 





L3I.S 

65.2 

.0246 

1650 

1583 

04.0 

— 

id) 

1 Model 34 1 


5 

8 

0 

267 

0.33 

J7 

1 . 

467 

102.0 

29.3 

0.0207 

1350 

1063 

74.8 

13.2 







270 





102.4 

33.0 

.0231 

1300 

1110 

70.6 

— 







274 





103.0 

35.4 

.0248 

1436 

1161 

69.4 

. 

(b) 

1330 





270 





102.4 

57,9 

.0266 

1535. 

1265 

71,5 

— 


1351 





269 





102.5 

42.0 

.0294 

1640 

1371 

70.5 

— 


1332 



a 

.1 

262 





100.0 

43.9 

.0308 

1600® 

1538 

66.0 

— 

Co) 

1334 



6 

0 

262 





1XX1.5 

27.1 

.0190 

1270 

JC008 

76.5 

13.0 


1335 



8 

.0 

269 





102.3 

25.6 

.0165 

1160^ 

891 

76.6 

— — — 














.0144 

1000® 

730 

71-8 


(o) 

1336 



6 

0 

271 





102.5 

24.6 

.0172 

li90 

919 

76.2 

— 

1339 



a 

.0 

266 





101. a 

36.0 

.0252 

1480 

12X4 

71.5 

— 


1340 

10 

a 

0 

266 

.397 

1 . 

487 

101 . a 

39.2 

.0274 

1585 

1519 

72.1 

— 


1341 

10 

a 

.1 

264 

.397 

1 . 

487 

100.3 

43. 6 

.0506 

1670® 

1406 

69.8 

— 

Co) 

1342 



15 

0 

267 

.960 

5. 

596 

131.5 

47.6 

.0138 

1120 

853 

67.4 

— 


1343 



15 

1 

269 

.975 

3.652 

133.1 

42.'6 

.0121 

1050 

761 

67.6 

' 


1344 



15.0 

274' 

.987 

3.622 

133.8 

38.2 

.0110 

970 

696 

68.1 




1346 





273 

.960 

3.596 

132.6 

54.7 

.0100 

905 

632 

86.9 

37.8 


1346 





272 

.972 

3. 

640 

134.1 

30.0 

.0086 

820 

548 

67.4 

— 


1347 





268 

.972 

5. 

B40 

135.3 

24.9 

.0071 

740 

472 

39.9 

— 


1346 





274 

.967 

3. 

522 

133.6 

18.7 

.0054 

640 

566 

90.9 

35.6 


1349 





261 

.975 

3. 

B52 

132.5 

46.5 

.0132 

1090 

829 

66.2 

— - 


1350 





261 

.975 

5.652 

132.5 

S3 J 

.0151 

1196 

934 

87.7 



1351 





— 

.962 

3.603 

— 

57.8 

.0167 

1260 

— 

65.6 



— 

(b,f) 


burning. 


^Approxlnatfi temperature Just before blow-cut. 
^Near blow-out . 


*Mo burning. 
^Rough burning 
«Blow-out. 
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TABLE II. - Concluded. EXPERIMENTAL DATA 


Bun 

COObUB- 

tor 

orank 

sett Ins 

Cantus tor- 
Inlet to- 
tal pres- 
sure, Pi, 
In. Hs abs 

Ccnbustor- 
inlet to- 
tal t«n- 
parature, 

4 ' 

Air- 

flow 

rate, 

Ib/sec 

Alr-floH 
rate per 
unit 
area, 
U>/(sec) 
(aq ft)' 

Coodaistor 

rafersacc 

Telocity, 

▼r. 

tt/aoG 

Fuel- 

now 

rate. 

Ib/hr 

Fuel 

air 

ratio 

Mean 

eccibuB tor- 
outlet to- 
tal tem- 
perature. 

Kean 
ecEdniB- 
tor tem- 
perature 
rise. 

CodZius- 
tlon ef- 
flelencT, 
percent 

Total 

pressure- 

loes 

through 

conbustor, 

la- vater 

Becarks 

1 Model 41 1 

1459 



8 

.0 

264 

0.391 

1. 

464 

99.99 

29.0 

0.0206 

1290 

1026 

72.3 

11.2 


1460 





272 

J90 

1. 

461 

100.9 

34.7 

-0247 

1435 

1163 

69.6 



1461 





272 

.394 

1. 

476 

101.9 

36.1 

.0269 

1485 

1213 

67.* 

— 


1462 





270 

.394 

1. 

476 

101.6 

30.5 

.0214 

1325 

1055 

72.0 

11.4 


1465 





266 

-393 

1. 

472 

101.1 

26.5 

.0188 

1210 

942 

72.3 

— 


1464 



15 

.0 

269 

.967 

3. 

622 

152.9 

43.4 

.0125 

1045 

776 

87.1 

32.2 


1463 





268 

.967 

3. 

622 

152.7 

38.1 

.0109 

950 

682 

86-7 

— 


1466 





265 

.962 

5. 

JOS 

131.4 

35.7 

.0103 

890 

625 

85.6 

— 

(b) 

1467 





2SS 

.967 

5. 

iOO 

132,7 

46.3 

.0139 

nqs 

857 

87.0 



1468 





262 

.9 


3. 

529 

131.8 

51.5 

.0148 

1170 

906 

87.3 

— 


1469 





265 





152-0 

55.7 

.0160 

1215 

952 

85.0 

54.6 


1470 





262 





151.8 

GO. 5 

-0173 

1250 

968 

81.9 



1471 





287 





132.7 

6T.3 

.0193 

125Q 

993 

74.1 

— 

(bl 

1472 





— 





— 

29.2 

.0084 

— 

— 

— 

— 


1 Model 42 1 

1482 



15 

.0 

256 

0.9T0 

3.653 

130.9 

60.0 

0.0172 

12*0 

984 

82-C 

34.9 

(d) 

1465 



15 

.1 

270 

.975 

5.652 

133.2 

65.5 

.0156 

1295 

1025 

79,4 

— 


1484 



15 

-0 

264 

.972 

3.640 

132.8 

71.3 

.0204 

1560 

1096 

78.1 

37.0 


1485 



15.0 

267 

.975 

3.852 

133.6 

76.6 

.0218 

1*00 

1133 

78.0 

— 


1486 



15 

.1 

272 

.974 

3.648 

133.5 

79.5 

-0227 

1450 

1178 

76.6 

— 

M 

1487 



15 

0 

260 

.965 

3.614 

134-6 

85.6 

.0246 

1470 

1190 

71.6 

— 


I486 





266 

.975 

3.652 

133.4 

89.4 

.0255 

1390 

1124 

65.5 

38.3 

idj 

















1490 





267 

1t35 

2 I 755 

100.7 

44 12 

l0167 

1265 

1018 

87.5 

20.1 


1491 





286 

.740 

2.772 

101.3 

49-4 

.0166 

1370 

1104 

86.1 

— 

(b) 

1492 





270 

.745 

2.790 

102.5 

55.0 

.0205 

14S0 

1160 

84.3 



(b) 

1495 





266 

.742 

2.779 

Kn.,5 

60.2 

.0225 

1540 

1274 

03,5 

— 


1494 



15.1 

260 

.745 

2.790 

100-4 

GG.S 

.0248 

1630 

1370 

82.0 

— 


1495 



15.0 

255 

.742 

2.779 

99.97 

72.6 

.0272 

1720 

1465 

81.3 

22.3 


1496 





268 

.743 

2.783 

1D1.9 

7T.0 

.0288 

nso 

1522 

80.6 

— 


1497 





258 

.742 

2.779 

100.1 

57.8 

.0216 

1505 

1249 

64.9 

— 


1498 





258 

.750 

2.809 

101.5 

35.2 

.0131 

— 


— - 

— 

(c) 

1 Model 46 [ 

1555 



8 

.1 

265 

0.393 

1. 

nz 

99.44 

34.9 

0.0247 

1420 

1155 

69.0 

— 


1556 



8 

.0 

266 





101.1 

58.2 

.0270 

1500 

1232 

68.0 



1557 





274 





101.9 

41.5 

.0294 

1580 

1306 

67.2 



ibj 

1558 





269 





101.2 

45.0 

.0318 

1665 

1596 

67.0 

— 

(b) 

1560 





273 





101.8 

52.5 

.0230 

1355 

1)082 

69.1 

— 


1561 





273 

.392 

1.468 

101-5 

29.5 

.0209 

1260 

987 

68.4 




1562. 





270 

.392 

1.466 

101.1 

26.9 

.0190 

1180 

910 

66.5 

10.9 


1565 





266 

.393 

1.4T2 

100. a 

23.0 

.0162 

1095 

829 

72.2 




1564 



7 

.9 

265 

.392 

1.468 

101.7 

16.9 

.0134 

960 

695 

72.3 

— 


1565 



8 

.0 

288 

.393 

1.472 

101.1 

19.7 

-0133 

960 

692 

69.5 

— 


1566 





SB9 

.395 

1.472 

101.2 

17. S 

.0124 

900' 

651 

70.8 




1567 





270 

.392 

1.4 

St 

101-1 

15.8 

-0112 

850 

580 

71.4 

10.3 


1588 





271 





101.2 

13.8 

.0096 

760 

489 

68.3 




1569 





270 





101-1 

11.6 

-0064 

660 

390 

65.2 

— 

(b> 

1570 





268 

.595 

1.472 

101.1 

11.2 

.0079 

005 

337 

57.6 

— 

(b) 

1571 





268 

.392 

1.468 

100. 8 

10.0 

-0071 

510 

242 

45.9 

— 

(b) 

1576 

£.5 

a 

.05 

268 

.392 

1.468 

100 -2 

49.4 

.0350 

1740 

1^72 

64-9 

— 

(b) 

1578 

6 

8.05 

2S5 

.330 

1.461 

99.03 

53.9 

.0384 

1750 

1487 

60.3 



w 

1579 

5 

e 

.0 

268 

.391 

1.464 

100.3 

58.1 

.0412 

1860 

1594 

60.8 

— 


1606 



16 

.0 

266 

.965 

5.682 

134.9 

60.4 

.0142 

1075 

807 

79.8 




1607 





265 

.995 

3.727 

156.0 

57.5 

-0161 

1170 

905 

80.5 

— 


1608 





268 

L.OOO 

3. 745 

157.2 

64.5 

.0179 

1245 

377 

78.2 

— 


1609 





267 

L.050 

5.933 

143-9 

74.7 

.0196 

1395 

1126 

83.0 

— 


1610 





267 

.995 

3.719 

136.0 

80.5 

.0225 

1505 

1236 

80. 9 

— 


1611 





264 

.397 

3.734 

136-0 

88.7 

.02*7 

1555 

1291 

77.7 



Cb) 

16124 





267 

.990 

3.708 

155.6 

94.6 

.0265 

1645 

1376 

77.9 



1*} 










107-7 







1613 



14 

9 

265 

1987 

3 1697 

135.8 

48.4 

l0136 

1035 

770 

79-3 

- - 


1614 



1S_.0 

266 

-990 

3.' 

rot 

155.4 

43.9 

.0123 

965 

699 

T9.0 

— 


1615 





263 





134.9 

58.2 

.0107 

905 

642 

82.3 




1616 





267 

' 




135.6 

52.8 

.0092 

850 

563 

83.8 



(b) 

1617 





267 

.992 

3.715 

135.9 

27.1 

.0076 

745 . 

478 

85.5 

— 


















1619 



15.0 

268 

1782 

2 I 92 S 

10^ J 

5ei4 

Ioi36 

1025 

757 

77.8 

— 

(b) 

1620 





263 

.782 

2.£ 

29 

108.6 

45.6 

.0155 

ITTg 

850 

77.6 



(bj 

1621 





265 


2.940 

107.2 

48.9 

-0173 

1205 

940 

77.9 

— 

(bj 

1622 





S&3 

.785 

2.933 

107.6 

54.7 

-0194 

1330 

1061 

79.1 

— 

(bJ 

1623 





267 

.7 

0 

2-921 

106.6 

61.0 

-0217 

1460 

1193 

80.5 

19.9 

(bJ 

1624 





268 





107.0 

66.5 

.0237 

1580 

1312 

82.4 

— 

lb) 

1625 





sst 





107-0 

71.3 

.0254 

1655 

1387 

81.8 



(bJ 

1626 





263 





106.3 

76.5 

.0272 

1750 

1487 

82-6 

— 

(bJ 

1627 





268 

.782 

2.929 

107-3 

76.9 

.0280 

1605 

1637 

83-4 

— 

IbJ 

1628 

5 

14 

9 

268 

.780 

2.921 

107.7 

79.2 

.0282 

1780 

1512 

81.4 

— 

(b) 

1629 

C 


15.0 

265 

.782 

2.929 

106.8 

37.4 

.0133 

1050 

785 

82.7 



(b) 

1630 



15.0 

263 

.780 

2.921 

106.3 

31.7 

.0113 

960 

637 

85.6 

— 

(bj 

1631 



14 

9 

268 

.778 

2.914 

107-5 

26-8 

-0096 

695 

627 

90.1 




1632 



15 

0 

268 

.782 

2.929 

107-3 

21.7 

.0077 

760 

492 

86.7 

— 


1695 





269 

.783 

2.953 

107.6 

22.1 

.0079 

755 

466 

83.6 

— 


1634 





268 

.765 

2.865 

104.9 

19.6 

.0071 

700 

432 

82.3 




1635 





264 

.780 

2.921 

106.4 

19.4 

.0069 

670 

*06 

79.3 

— 


1656 





264 

.775 

2.903 

; 105.7 

17.6 

.0063 

575 

311 

66.0 

— 

jb) 

1637 





— 

.775 

2.905 

— 

1 16.1 

.0056 

— 

— 

. 

— 

IcJ 


“lfe«r bloif-oat. 

^ougb btirnix^. ^«ry rou«^ burnings 
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TABLE in. - DATA OF CC»4BUSTQRS OP DIPFEREHT SIZE 


Refer- 

ence 

Com- 

buar 

tor 

CcBibustor type 

Dlmenslana 

Combustion efficiency, percent 

Produc- 

tion 

Experi- 

mental 

Maximum 
coinbustor 
cross- 
sectional 
area, 
sq. in. 

Hy- 

draulic 

radlias, 

in. 

Vr/PiTl = 

100X10" ® 

Vj./PiTi = 246X10“® 

Prom 
ref. 12 

(a) 

Temper- 

ature 

rise, 

680® r 

Prcm 
ref. 12 

(a) 

Temper- 
ature 
rise, 
680° P 

Temper- 
ature 
rise, 
1180^ P 

12 

A 

X 


234.4 

0.65 

64.0 


(b) 




B 

X 


234.4 

.76 

64,0 


(b) 




C 

X 


74,8 

1.13 

69.0 


(b) 




D 


X 

74.8 

1.13 

79.5 


(b) 




E 

X 


58.5 

.59 

«40.0 


(b) 




P 

X 


354,0 

.56 

54.5 


(b) 




G 


X 

420.0 

2.32 

96.5 


67.0 




H 


X 

420.0 

2.32 

95.0 


65.0 




I 

X 


38.5 

1.35 

85.5 


40.0 




J 

X 


38.5 

1.35 

77.5 


38.0 




K 

X 


69.4 

1.79 

83.0 


54,0 




L" 

X 


69,4 

1.79 

83.5 


51.0 




M 

X 


69,4 

1.79 

76.0 


47.0 




I? 

X 


103.8 

2.38 

68.0 


(c) 



11 



X 

420.0 

2.32 


97.5 
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^Reciprocal of iised In ref. 12. 

^Beyond burning limit, 

^Data not obtained. 

^Estimated value. 


3553 





3553 


Kegulatlng 
Tedves — ^ 


JClaotrlc 
oJx haator 



o To 

V 


■ feperlmental ccjribvistor 


-A r-B 




-A l-B 


floor lovel 





0^0 

O I o 

VO® °oy 


SBctlottL A-A; Section B-B; Section C**C; Section I>-D; 
cociburt or- Inlet octtbuetor- Inlet coiift)Ufltor- outlet conlbufirtor-cjutlet 
tot el" pres sure thoomocouples thecrmoooupleB total-pressure 
tutes tuliea 


Conftjuetlon air 
• Alr-ujeaaurlng orifice 


Cooling- 

water 

sprays 


Altitude 

aiiiauat 


- Szplosion 
diaphragm 



Regulating 

■volTes 


ngure 1, - Biiqperlmontal-coiaibuator Inatallatlon, InoludJng Inlet anA outlet Ctuctlng and Instrumentation 
statlonji. 


KA.GA BM E55B10 








26 


NAGA EM E55B10 



Crank setting 

Figure 4. - Variation of primary-air areas with crank setting for 
varia'bie-area combustor, - . 
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-Blank fuel disk 
. Mechanical fuel atomizer 
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Atomizer 


Type 

Eating 

at 100 Ib/sq in. 
pressure 

Cone 

angle 

Fixed- area 

10.5 gal/hr 

60 

Fixed-area 

30.0 

70 

Pintle 

Variable- area 

45 



(b) Basic design with various mechanical atomizers* 

Figure 5. - Continued. Experimental variable-area combustor configurations. 
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Air atomisation 

i Mechanical atomisation 

Four 0.028-ln^ fuel holes In disk 

Four 0.0135- In. fuel holes In 
fuel Ilne^ 5/8- In. upstream 
from blank fuel disk 

2.0 gaiyhr (at 100 Ib/sq in.) 
f IZBd-area noszle 
60^ cone angle 
Variable-area pintle luozzXe 
45° cone B-Tigle 


-Blak: with fuel holes 

-Keqlianlcal fuel atondzer 
■ Plain disk "baffle 


Fuel dame ■ 


1/4- Inch liner holes 
3/8- In. liner holes 


0 


(d) Cotdbinatlone of various linear configurations and atomization methods. 
Figure 5. - Concluded. Sxperlaentnl TOrlahle-area combustor configoratlone. 
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Figure 6. - TarlaTjlo-arca pintle atondeer irf-thi spray dlfftrlbutlon controlled by 
el£^t equal streaks. 
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(a) Test condition E: Pressure, 15 Inches of mercury absolutei air flov, 3.62 pounds per second 

per square foot. 
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(c) Test condition D; Pressure, 15 Inches of mercury absolute; air flow, 2.14 pounds per second 


70 



Fuol-alr ratio 


(d) Test condition B: Pressure, 8 Inches of mercury absolute; air flow, 1.48 pounds per second 

per square foot. 

Figure 7 . - Combustion efficiency of model 10, a basic variable-area coiribufitor, shoving effect 
of varlahle primary-air flov. 
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(a) Tost condition E: Presonro, 15 inches of mercury ahsolutej air flow, 3.62 pounds per second 


per Bcpxare foot. 



(b) Test condition A; Pressura, 15 inches of mercury absolute; air flow, 2.78 pounds per second 
per square foot. 



.004 .008 . 012 .010 . 020 . 024 , 020 . 052 . 036 . 040 


Fuel-air ratio 

(c) Test condition B; Pressure, 0 iuohas of mercury absolute; air flow, 1.48 pounds per second 
per oquara foot. 

Figure 8. - Bffect of number of holes in fuel disk on ocrabustion efficiency of varieible-area cojribUBtor 
with air atomlEation. 
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(b) Test condition A: Preseure, 15 inches of aiereury pounds per second 

per square foot. 
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(c) Test condition B: Pressure, 8 Inches of mercury absolutej air flair, 1.48 pounds per second 

per square foot. 

Figure 9. - Combustion efficiency performance of variable-area cooibustor vith mechanical and 
air atoonization. 
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(a) Teat condition E: Preasiire, 15 Inchea of merouiY abaolute; air flow, 3,62_potfncTa per" second par’ 



(c) Teat condition B: 
square foot. 


Preaaurej 0 Inchea of mercHry absolute^ air flow, 1.46 pounds per second per 


figure 11. - Performance of best nodela of variable-area etanbuator with plain disk baffle, liner 
holes and fuel dams, and air and mechanical atqmization.. 
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1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 

Combustor-Inlet to -outlet density ratio 

(b) CombuBtor-l3ilet pressurej 8 inches of mercury absolute. 

Figure 12. - Pressure-loss characteristics of sev"eral variable-area combustors 
vith plain disk baffles. 
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Figure 13* - Typical outlet-temperature profile for variable- area combuBtor* 
Model 29. Average temperature, 1420® F. 
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1 Temperature rlse,^ 
. i 
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■(Crulse)r 


I 1180 
KMaxlmma)" 


Varlal)le-area model 29 
Prevaporizing (ref. 9) 
Beference conbiiator (ref. 5) 
Reference combustor with fuel 
dams (ref. 5) 

Experimental liner number 2 
(ref. 10) 

Blow-out 


(a) Test condition E: Pressure, 15 inches of mercury absolute j air 

flow, 3.62 pounds per second per square foot. 


(b) Test condition A: Pressure, 15 Inches of mercury absolute j air 

flow, 2.78 pounds per second per square foot. 


Puel-alr ratio 


(c) Test condition B: Pressure, 8 inches of mercury absolute^ air 

flow, 1.48 pounds per second per square foot. 

Figure 16. - Comparison of combustion efficiency performance of several 
combustor designs in 7-incb-dlameter duct. 
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(a) Combustor parameter, = 100x10"®. 
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Figure 17. - Variation of combustion efficiency with combustor hydraulic 
radius for several production and experimental combustors. 
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